Introduction
Geopolymer is synthesized by the polycondensation reaction of silico-aluminate structures [1] . Highly alkaline solutes such as NaOH and KOH are incorporated with source materials rich in SiO 2 and Al 2 O 3 [2, 3] in order to produce geopolymer. Typical raw materials that are suitable for production of geopolymer include fly ash, slag and clay [4] . Kaolin is a clay mineral that traditionally has been used in the manufacture of porcelain. The main constituent of kaolin is kaolinite [5] , where kaolinite is the main structure forming species in the overall geopolymerization process. The geopolymerisation process depends on many factor including the kaolinite ratio, chemical and mineralogical composition of the starting materials, curing temperature [6] , water content, type of metal silicate used, concentration of the alkaline compound, have a substantial effect on the final properties of the geopolymer [7] .
Reactivity of clay minerals is closely related to the structure and composition of the particular mineral, and also on its particle size, surface area, porosity and crystal morphology [8] . Kaolin has low reactivity due to its plate-like structure, leading to low surface area of reaction. However, it can be increased by using an appropriate thermal, mechanical or chemical treatment. Improving the reactivity of kaolin by chemical treatment with an acid or alkali is difficult, even under drastic conditions, owing to its high passivity. Heating kaolin above 550 °C transforms it into metakaolin by effect of the loss of structural OH groups seems to be the most successful trial by previous researcher. Whereas the mechanical treatment can break the kaolinite structure and the original OH bonds; these changes alter the porosity, surface area and number of active sites of the material, and result in the formation of some spherical particle shape [9] . The properties of mechanical activation of kaolin in geopolymers field are not yet being reported so far.
This paper describes the increased of the reactivity of mechanically activated samples resulting in improvement of mechanical properties of the geopolymers. Mechanically activated kaolin shows higher reactivity and improved geopolymerisation rate lead to improve in mechanical properties compared to non-mechanical activated kaolin-based geopolymers. From the previous research, mechanical activation induced the transformation of the kaolin residue from needle-shaped particles to spherical particles. The particle size decreased and mechanical activation is a good method to change the structure in order to increase the reactivity of the particles [10] . Mechanical activation for improving bulk and surface reactivity is well accepted where this method offers the possibility to alter the reactivity of solids through changes in bulk and surface without altering overall chemistry of the material [11] .
Experimental Methods
Materials. Sodium Hydroxide (NaOH) powder used was classified as caustic soda micropearls, 99% purity with brand name of Formosoda-P, made in Taiwan.
A technical grade sodium silicate solution (Na 2 Kaolin was supplied by Associated Kaolin Industries Sdn. Bhd., Malaysia. The general chemical composition is tabulated in Table 1 , which was obtained from XRF analysis. The physical form of kaolin used was of powder type, and has minimum 40% of particle size less than 2 µm and maximum 2% of moisture content. It was used as Si-Al cementitious materials. Distilled water was used throughout. Sample Preparation. Raw kaolin was ground for 1 hour using Fritsch pulverisette 6, type laboratory planetary mills. Each milling was carried out with 40g of powder in an 80 cm 3 capacity stainless steel pot using 48 stainless steel balls (10mm diameter); the applied rotation speed was 370 rpm. NaOH pellets and water were first prepared and mixed in a volumetric flask to obtain a concentration of 8M and then allowed to cool down to room temperature. NaOH solution was mixed with Na 2 SiO 3 with Na 2 SiO 3 / NaOH ratio of 0.32 to prepare a liquid alkali activator, 24 h prior to use. Kaolin powder and alkali activator were mixed with the solids-to-liquid (S/L) ratio of 1.0, and stirred well for a few minutes by using mechanical mixer. The fresh cement paste was then rapidly poured into a 50 x 50 x 50 mm steel mould and the samples were compacted to approximately one half of the depth (about 1 in. or [25 mm]) of the mould in the entire cube compartment, and the paste was tamped in each cube compartment at each layer as described in ASTM C109 [12] . The sample was cured at temperature 60°C in oven up to 3 days. The water evaporation was prevented by sealing the top of the moulds with a thin plastic layer during the curing process.
Test Methods
Compressive Test. Compressive strength tests of all specimens were evaluated according to ASTM C109/C109M-08 by using the Instron machine series 5569 Mechanical Tester. All specimens were taken out after curing; and put in room temperature until the day of testing. The compressive test was carried out to evaluate the strength development for the specimens. The samples were compressed at 1, 3, 7, and 28 days.
Scanning Electron Microscope (SEM)
. JSM-6460LA model Scanning Electron Microscope (JEOL) was performed to reveal the microstructure of kaolin and mechanical activated kaolin geopolymers. The specimens were coated by platinum using an Auto Fine Coater; model JEOL JFC 1600, prior to examination.
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Results and Discussion
Compressive Strength. From the Fig. 1 , comparison of geopolymer using raw kaolin and mechanical activated kaolin were made and there was difference in compressive strength observed. Mechanical activated kaolin has overall higher strength gain compared to raw kaolin. Mechanical activation increases the reactivity of the kaolin causing faster dissolution of the kaolin and faster setting. This can be clearly shown even at early testing day, the strength of mechanical activated kaolin always higher compared to raw kaolin. Mechanical activation of the kaolin resulted in an overall increment in compressive strength solely because by performing mechanical activation, a wide particle size distribution of the predominantly spherical particles produced, will promotes a high packaging density in the sample resulting in higher strength [4] . Fast setting and faster strength gain is the result of improved dissolution of the kaolin into alkaline liquid; leading to improved polymerization and hardening of the gel phase. Therefore, one of the reasons for improved compressive strength in mechanically activated kaolin mixtures is the higher rate of geopolymerisation in the sample [4] . Previous research on other materials has shown that compressive strength improved with longer mechanical activation time and particle size has an important effect on setting time and strength development [11] .
Low reactivity of kaolinite needed sufficient time for geopolymerization process to occur, hence, required certain period of time in order to increase the extent of geopolymerization for strength gain. Raw kaolin has many particles does not involve in geopolymerization process due to limited active site. Fig.2 (a) shows the SEM microstructure of raw kaolin whereas Fig. 2(b) shows the SEM micrograph of mechanical activated kaolin. It was clearly seen that the changes of microstructure occurred. Initially, the raw kaolin has plate-like structure, where needle like phase can be seen clearly. After mechanical activation, the structure becomes smoother without clear needle like phase and exhibits some edge distortion, rounded particles exhibits. In measurement, the kaolin particle size decreased after mechanical activation.
Scanning Electron Microscope (SEM).
By comparing Fig. 3 and Fig. 4 , both microstructures of geopolymer samples showed the compactness of microstructure improved with duration of curing period. By comparing with raw kaolin and mechanical activated kaolin after geopolymerization, mechanical activated kaolin showed better microstructure with the growth of geopolymer gel. Raw kaolin sample revealed a loosely microstructure than the others which complied with its lower strength. Whereas mechanical activated kaolin exhibited a microstructure with the greatest packing density leading to higher strength [4] . In general, mechanical activated kaolin showed changes in microstructure in terms of
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new morphological features and compactness was distinctly evident. This must be due to the enhanced geopolymerisation reactions. The alteration in geopolymerization reactions was due to combined effect of particle size, which contributes to the increase in surface area and change in reactivity due to mechanical activation process.
Fig. 2:
SEM micrograph of (a) raw kaolin and (b) mechanical activated kaolin. 
Results and Discussion
Reduction of particle size and change in particle shape but little change in mineralogical composition was observed during mechanical activation of kaolin in a planetary mill. Geopolymer paste made with mechanically activated kaolin leads to an overall increase in compressive strength when compared with geopolymer made from raw kaolin. The main contribution in this report is to 360 Advanced Mechanical Design increase compressive strength of the geopolymer by attributed the reduction of particle size and change in morphology which allowing a higher dissolution rate of the kaolin particles. As conclusion, mechanically activation of kaolin can be considered as an alternative method to achieve better reaction for kaolin based geopolymer. Future work can be done by performing longer mechanical activation time or increasing the speed of milling will have the potential to increase the strength significantly.
